The study focuses on the type and degree of impairment in the processing of affective faces and scenes in patients afflicted with major depression (MD). We investigated effects of emotional traits, gender, depression severity, and cognitive performance. Method: Thirty MD patients (15 men, 15 women) and 30 healthy controls were presented with pictures of emotional facial expressions and affective scenes. They were asked to estimate the intensity and allocation of the emotions expressed by the faces as well as the elicited emotions by the scenes. Results: MD patients showed a broad impairment of emotion recognition. Patients' responses to happy faces suggested a negativity bias, which also became evident in the perception of emotional scenes. The negativity bias was stronger in male than female patients. Depression severity was negatively related to experience of happiness. Patient's lower cognitive performance was associated with allocation accuracy of angry and disgusted faces. Conclusions: Our findings show accordance with the mood-congruency hypothesis. Depression treatment should put increased focus to the association between negative mood bias and social functioning.
Introduction
Major Depression (MD) is characterized by low mood accompanied by lowered self-esteem, and by loss of interest or pleasure in normally enjoyable activities (APA, 2000) . With increasing severity of illness MD is associated with impaired social functioning. The afflicted patients have a reduced social competence, emit fewer interpersonal behaviors and are less skillful in solving interpersonal problems (Persad & Polivy, 1993) . Furthermore, several studies could verify biased processing of emotional information (Bylsma et al., 2008; Persad & Polivy, 1993) .
Depressive disorder involves several types of emotional abnormalities, most notably increased propensity to negative affect and reduced capacity to experience pleasure (Drevets, 2001) . In order to explain how MD alters emotional reactivity three alternative approaches have been put forward (Bylsma et al., 2008) : MD may alter emotional reactivity by increased negative reactivity, by reduced positive reactivity or by "emotion context insensitivity" (ECI; reduced positive and negative reactivity; Rottenberg et al., 2005) .
The pronounced tendency to experience negative emotions and the reduced tendency to experience positive emotions by patients with depression have been explained by the mood congruency hypothesis (Bower, 1981) . It suggests that depressed mood may enhance the processing of mood congruent material and impair the processing of mood incongruent material. But several studies on depression (e.g., Persad & Polivy, 1993; Mikhailova et al., 1996) found no evidence for mood congruency effects.
The ECI model states that individuals with depression will exhibit decreased reactivity to all emotion cues, regardless of valence (Rottenberg, 2005; Rottenberg et al., 2005; Rottenberg, 2007) . For this reason, individuals with MD should display lowered responses to both positive and negative stimuli, including sadness. Data of a meta-analysis by Bylsma et al. (2008) confirmed the ECI hypothesis, suggesting an overall reduced emotional reactivity in MD, with the reduction larger for positive stimuli. Results were comparable for self-reported experience, expressive behavior, and peripheral physiology. Rottenberg et al. (2005) found most pronounced attenuation in emotion experience reports. Furthermore, MD patients with the most pronounced ECI showed the most severe symptoms, the longest episodes of depression, and the poorest overall psychosocial functioning.
Depression is also associated with abnormalities in the identification of emotional facial expressions (Surguladze et al., 2004) . Affective facial expressions are salient features in social interactions (Persad & Polivy, 1993) . Therefore, the ability to accurately identify others' emotional facial expressions is of considerable importance. According to previous data MD is characterized by a reduced ability to correctly identify affective facial expressions.
There are some inconsistencies, if deficits in facial expression decoding are emotion-specific or more general. Findings from Mikhailova et al. (1996) attested poor recognition of happiness and sadness in patients with depression. Mendlewicz et al. (2005) reported a lower decoding accuracy of depressed patients only for angry facial expressions, while for happy, disgusted, sad, and fearful expressions they did not differ from healthy controls. Several authors also found an enhanced tendency of depressed patients to judge facial expressions as displaying negative affect ("negativity bias"; Hale, 1998; Mikhailova et al., 1996; Milders et al., 2010) .
It could also be shown that severity of depressive symptoms plays a role in recognition accuracy of facial expressions. Hale (1998) reported a positive relationship between judgments of negative emotions in facial expressions and depression severity. Results by Leppänen et al. (2004) revealed a correlation between depression symptom score and sadness bias in neutral faces.
As most studies tested recognition performance in depression only for several emotions, it is not clear, whether this disorder is associated with a general deficit in affecting identification or with impairments in the recognition of specific emotions. Furthermore, it remains unresolved, whether this deficit can be seen as a mood-congruent interpretation bias (e.g., towards sadness) or as an overall deficient decoding of emotional facial expressions.
To summarize, results concerning decoding performance in MD are inconsistent. This may be a consequence of different intensities of facial expressions presented. Furthermore, MD patients must be seen as a heterogeneous population, with comorbidity of several mental disorders like anxiety disorders, posttraumatic stress disorder or addiction. As a consequence, patients' emotional reactivity may be different.
Finally, depressive symptoms differ between genders (Angst et al., 2002; Kockler & Heun, 2002; Scheibe et al., 2003) . Aggression and especially anger attacks are more prevalent in males compared to females (Winkler et al., 2005) , while females report more anxiety (Scheibe et al., 2003) . This may result in a gender-specific difference of emotion experience and perception of emotions in others. Furthermore, several authors have reported that in healthy subjects females show greater identification accuracy of affective facial expressions compared to men (e.g., Cellerino et al., 2004; Kring & Gordon, 1998) . It would be of interest if women suffering from depression can benefit from this advantage.
To our knowledge, no previous studies have investigated emotion experience and allocation accuracy of emotional facial expressions simultaneously in patients afflicted with MD. Estimation of affective scenes may provide information about patients' mood state.
The present study focuses on the type and degree of impairment in the processing of affective faces and scenes in patients with depressive disorder. We investigated effects of emotional traits, gender, depression severity, and cognitive performance.
Methods

Participants
We studied 30 patients with the diagnosis Major Depression (criteria according to DSM-IV), 15 men and 15 women (M = 48.1 years, SD = 10.5), who were inpatients at the University Hospital of Graz (Austria). Socio-economic status was based on the highest educational level completed. Mean years of education were 11.1 years (SD = 3.3). Pharmacologic therapy was applied to all patients (antidepressants: 23 patients, antidepressants and antipsychotics: 7 patients). We further tested 30 mentally healthy subjects, 15 men and 15 women, matched for age and socio-economic status. They had been recruited by advertisements in a local newspaper. The control group underwent a standardized clinical interview (Mini-Dips; Margraf, 1994) to exclude the presence of mental disorders. Mean age of the controls was 45.4 years (SD = 9.8). Mean education level was 11.9 years (SD = 3.6). Groups did not differ in age (t (58) = 1.04, p = .300) and years of education (t (58) = .90, p = .370).
Questionnaires
Cognitive performance was assessed using the Test for Early Detection of Dementia (TFDD; Ihl et al., 2000) . This scale ranges between 0 and 50 points and allows the detection of early signs of cognitive impairment. A score lower than 35 points indicates a tentative dementia diagnosis (exclusion criterion). The Cronbach's alpha is .88.
Habitual emotional reactivity was assessed by several selfreport inventories:
The Beck Depression Inventory (BDI; German version: Hautzinger et al., 1994) assesses depressive symptomatology. Cronbach's alpha is .88.
The Questionnaire for the Assessment of Disgust Proneness (QADS; Schienle et al., 2002a) measures disgust propensity and describes 37 situations, which have to be judged on 5-point scales with regard to the experienced disgust (0 = "not disgusting"; 4 = "very disgusting"; e.g., "You are just about to drink a glass of milk as you notice that it is spoiled"). The Cronbach's alpha of the total scale is .90.
The disgust sensitivity scale of the Disgust Propensity and Sensitivity Scale-Revised (DPSS-R; Van Overveld et al., 2006) assesses a person's tendency to evaluate disgust experiences as negative (e.g., "It embarrasses me when I feel disgusted"). Possible mean sores range from 1 ("never") to 5 ("always"). The Cronbach's alpha of the sensitivity scale is .77.
The Trait scale of the State-Trait Anxiety Inventory (STAI; Laux et al., 1981) measures the frequency of anxious feelings on a 4-point scale. The Cronbach's alpha of the scale is .88.
The Trait scales of the State-Trait-Anger Inventory (STAXI; Schwenkmezger et al., 1992) assess trait anger as well as anger expression. All items are rated on 4-point scales. Internal consistence of the STAXI is .90.
Stimuli for the Picture Perception Tasks
All participants viewed emotional scenes and facial expressions on a computer screen (notebook, 15 inches). The participants sat at about 50 cm from the screen. Before starting the experiment participants were asked for their understanding of basic emotions by a short verbal description.
Forty-two pictures with emotional facial expressions depicting happiness (6), fear (6), sadness (6), anger (6), disgust (6), and surprise (6) from the Karolinska-Set (Lundquist et al., 1998) were presented. Half of the posers were female, half were male. Participants were asked to view the faces as long as necessary for getting an impression of the emotion displayed. Maximum presentation time for each picture was 10 seconds.
Twenty-four emotion-relevant scenes for the induction of happiness (6), fear (6), and disgust (6) were presented. Most scenes were taken from the International Affective Picture System (IAPS; Lang et al., 2001) . Disgust-inducing pictures were developed by Schienle et al. (2002b) and included scenes with animals (maggots, bluebottles, and slugs), a dirty toilet, carrion and an eczematous face. The fear-inducing pictures showed threatening situations either through attacks of animals ("dog with its teeth bared", IAPS 1300; "white shark", developed by the authors) or human attacks ("man threatening a woman with a knife", IAPS 6350; "men with pistol", IAPS 6230; "war scene", IAPS 6940; "masked robber", IAPS 6370). Happy pictures included animals ("baby seal", IAPS 1440; "young rabbits", IAPS 1750; "playing dolphins", IAPS 1920) and food ("roast chicken", IAPS 7230; "gateau", IAPS 7282; "ice cream", IAPS 7330). The stimulus material had been matched for item difficulty, complexity, brightness and colour. Since the IAPS does not include pictures which reliably induce anger, sadness and surprise these categories were omitted. It is known that IAPS scenes which should induce sadness or anger usually produce mixed emotions (e.g., 50% anger, 50% sadness). Maximum presentation time for each picture was 10 seconds.
Then, the subject was asked to rate the pictures on a 9-point scale within 10 seconds. For each facial expression subjects rated how intense the depicted person experienced the six basic emotions (e.g., "Please indicate how intense the depicted person experienced disgust": 1 = very little; 9 = very intense). For the scenes, subjects rated how intense the six basic emotions were induced by a particular picture (e.g., "Please indicate how intense you experienced disgust while viewing the picture": 1 = very little, 9 = very intense).
Asking the participants to rate emotion intensities of facial expressions and scenes for all basic emotions (graded choice) allowed the analysis of quantitative (intensity) as well as qualitative (classification accuracy) emotion processing deficits.
To avoid position effects, the order of the two-picture-percaption-tasks (recognition vs. experience), order of pictures, and order of basic emotions to rate was randomised.
Statistical Analysis
All statistical analyses were carried out using SPSS Statistics 19.0 for Windows. Descriptive statistics were performed using Student's t-tests, and for group comparisons ANOVAS were calculated. We computed mean intensity ratings of all six basic emotions for affective facial expressions. For estimation of affective faces repeated measures analyses of variance were carried out for each emotion category separately (2 × 6 ANOVAs), with group and rater's sex as between-subjects factors. For pairwise comparisons of significant interactions Student t-tests were used. F-values were Greenhouse-Geisser-adjusted if necessary. All ε were > .50. Classification accuracy of target emotions was calculated as difference between rated target emotion intensity (e.g., rated disgust intensity for disgusted facial expression) and mean intensity of all non-target emotions (fear, anger, sadness, happiness, and surprise). Effect sizes were calculated by Cohen's d.
Results
Group Comparisons for the Questionnaires
MD patients scored higher for depressive symptoms (BDI; t (58) = 13.68, p < .001), trait anxiety (STAI; t (58) = 11.21, p < .001), anger expression (STAXI; trait anger: F (1, 58) = 18.26, p < .001; "Anger in": F (1, 58) = 75.37, p < .001), disgust propensity (QADS; t (58) = 5.16, p < .001), and disgust sensitivity (DPSS-R; t (58) = 4.16, p < .001). Patients also showed lower cognitive performance (TFDD) than controls (t (58) = 5.52, p < .001) ( Table 1) . We found a sex x group interaction for trait anger (F (1, 58) = 2.83, p = .045). Males with depression reported higher trait anger (M = 24.27, SD = 3.73) compared to females with MD (M = 20.21, SD = 5.40; t (28) = 2.37, p = .025).
Group Comparisons for the Picture Perception Tasks
Facial Expressions 1) Perceived intensities of target emotions ( Table 2) : Analyzing the intensity ratings of the six target emotions (anger, disgust, sadness, fear, happiness, and surprise; e.g., disgust intensity in faces depicting disgust) we revealed a significant interaction for emotion x group (F (5, 280) = 2.53, p = .042). Patients reported lower intensities than controls for surprised (t (58) = 2.45, p = .017; d = .58) and for angry faces (t (58) = 2.12, p = .038; d = .78). 2) Classification accuracy of target emotions (Figure 1 ): For assessing participants' classification accuracy of facial expressions we calculated the difference between the target emotion intensity and the mean of all non-target intensity ratings. Analyses revealed a significant main effect for group (F (1, 50) = 16.24, p < .001) and for sex (F (1, 50) = 15.21, p < .001). Patients displayed lower allocation accuracy of affective faces compared to controls, and males showed lower classification accuracy compared to females. Furthermore, we found a significant emotion x group interaction (F (5, 280) = 3.31, p = .006). Patients showed lower allocation accuracy than controls for all emotions with exception of fear: surprise (t (58) = 3.48, p = .001, d = .90), anger (t (58) = 3.36, p = .001, d = .86), happiness (t (58) = 3.32, p = .002, d = .86), sadness (t (58) = 2.91, p = .005, d = .75), and disgust (t (58) = 2.40, p = .020, d = .62). Patients assessed all negative non-target emotions in surprised faces more intense than controls (F (5, 280) = 4.69, p< .001; anger: t (58) = 2.79, p = .007; sadness: t (58) = 2.44, p = .018; fear: t (58) = 2.39, p = .020; disgust (t (58) = 2.24, p = .029). In sad faces patients also estimated all negative non-target emotions more intense than controls (F (5, 280) = 4.71, p = .002; anger: t (58) = 3.24, p = .002; fear: t (58) = 3.18, p = .002; disgust (t (58) = 2.34, p = .023). In fearful faces patients rated more anger than controls (F (5, 280) = 4.87, P < .001; (t(58) = 2.64, P =.011). Moreover, compared to controls, patients rated higher intensities of disgust for angry faces (patients: M = 2.03, SD = 2.40; controls: M = 3.63, SD = 2.48; t (58) = 2.53, p = .014). Also for happy faces patients reported higher intensities for all negative emotions (F (5, 280) = 5.13, p =.011; fear: t (58) = 3.14, p = .003; disgust: t (58) = 3.13, p = .003; anger: t (58) = 2.68, p = .010; sadness: t (58) = 2.90, p = .005). Furthermore, we found an emotion x group x sex interaction for intensity ratings of happy faces (F (5, 280) = 3.34, p = .047). Compared to females, male MD patients estimated all negative emotions more intense (anger: t (28) = 2.18, p = .038; sadness: t (28) = 2.27, p = .035; fear: t (28) = 2.45, p = .021; disgust: (t (28) = 2.24, p = .035). Furthermore, male patients rated happy faces less happy (t (28) = 2.49, p = .021) than females. The controls' happiness ratings did not differ between males and females (all p > .106).
3) Perception of neutral faces (Figure 2 ): We found a significant effect for group (F (1, 56) = 15.21, p < .001) and for sex (F (1, 56) = 7.47, p = .008). Patients rated neutral faces more intense than controls, and males rated neutral faces more intense compared to females.
Affective Scenes
1) Intensity of target emotions ( Table 2) : Intensity analyses for the three target emotions (happiness, fear, disgust) showed a significant main effect for group (F (1, 58) = 10.86, p = .002), and an emotion x group interaction (F (2, 110) = 5.99, p = .003). Compared to controls MD patients reported higher intensities for the scenes eliciting fear (t (58) = 3.22, p = .002; d = .84) and disgust (t (58) = 3.00, p = .004; d = .78). Furthermore, we found a significant emotion x group interaction for happiness experience (F (5, 280) = 4.97, p = .012). Patients experienced happy scenes sadder than controls (t (58) = 2.09, p = .048).
2) Experience of neutral scenes (Figure 3) : Ratings of the neutral scenes displayed a main effect for group (F (1, 58) = 26.52, p < .001). Patients rated neutral scenes more intense than controls.
Correlative Analyses
MD patients showed a significant negative correlation between severity of depressive symptoms (BDI score) and experience of happiness in happiness-inducing (r = −.47, p = .019) as well as neutral scenes (r = −.55, p = .005). Severity of depressive symptoms was also correlated to experience of sadness in fearful (r = .42, p = .039) and neutral (r = .43, p = .031) scenes (Figure 4) . But we found no association between depression severity and cognitive performance (r = −.13, p = .522). Patients' cognitive performance was associated with allocation accuracy of anger (r = .55, p = .002) and disgust (r = .49, Group comparison of the mean scores (standard errors) for intensity ratings of neutral faces. p = .007). But there was no relationship between cognitive performance and recognition accuracy in controls (all p > .290). "Anger in" score of patients was negatively related to experience of happiness (r = −.42, p = .032). Patients' disgust propensity (mean QADS) was correlated with disgust ratings of fearful faces (r = .53, p = .002), angry faces (r = .47, p = .010), and sad faces (r = .38, p = .041) (Figure 5 ) as well as with disgust perception in fear-inducing (r = .49, p = .007) and disgusting (r = .64, p < .001) scenes (Figure 6 ). In controls we found a positive relationship between disgust propensity and intensity rating of disgusting scenes (r = .64, p < .001).
Discussion
Our results point to a general discrimination impairment of negative facial emotions in MD patients. This is contrary to several previous studies that report emotion-specific deficits in this mental disorder (e.g., Mendlewicz et al., 2005) . Patients showed lower classification accuracy than controls for all negative facial emotions with exception of fear. Fearful faces were poorly recognized also in healthy controls, indicating high task difficulty. The patients' lower allocation accuracy was due to higher intensity ratings of all negative non-target emotions.
But patients rated negative non-target emotions more intense also in happy faces, showing a negativity bias that cannot be explained by task difficulty. Happiness usually yields greatest accuracy, while negative emotions, especially fear, are less easily discriminable (Du & Martinez, 2013; Ekman & Friesen, 1976; Johnston et al., 2001) . Our data are consistent with Surguladze et al., (2004) who reported a response bias in patients with depressive disorder judging happy faces as less happy compared to healthy volunteers. The patients' negativity bias in judging happy faces provide support for the mood congruency hypothesis (e.g., Leppänen et al., 2004 ) that states people would respond in accordance with their mood. Previous studies found out that subjects with depressed mood tended to judge positive emotions as neutral and neutral faces as negative (Csukly et al., 2008; Hale, 1998) .
Patients' negativity bias became also evident in the rating of affective scenes. They perceived fear-inducing and disgustinducing pictures more intense than controls. In addition, they discerned happy scenes sadder than controls. Dominated by negative mood, patients with MD rated emotional stimuli more negative and perceived a more negative mood also in other subjects.
Undoubtedly, depression is characterized by a rather negative mood, with sadness being one key symptom. But as shown by our data, patients with MD also display elevated anxiety, anxiety sensitivity, disgust propensity, disgust sensitivity, and anger suppression compared to controls. We found associations be-tween patients' disgust propensity and disgust ratings of fearful, angry and sad faces pointing to a disgust bias in patients with elevated disgust proneness. Moreover, anger suppression was negatively related to patients' happiness experience. These findings also coincide with the mood congruency effect.
Our emotion recognition data are in accordance with Asthana et al. (1998) who found a general impairment of emotion decoding performance in patients with MD. Comparable to our patient sample, patients in this study met the diagnostic criteria of DSM-IV for major depressive disorder that is associated with a general cognitive disorder. Patients of our study displayed reduced cognitive performance compared to controls. Furthermore, we found a relationship between patients' cognitive performance and identification accuracy of angry and disgusted facial expressions. These facial emotions are similarlooking and therefore are particularly difficult to discriminate. Patients rated higher intensities of disgust for angry faces than controls.
Furthermore, severity of depressive symptoms was negatively correlated to experience of happiness in pleasure-inducing and neutral scenes. Depression severity was also positively associated to experience of sadness in fearful and neutral scenes.
However, the degree of depressive symptoms had no effect on decoding accuracy of affective faces. Previous findings are contradictory. Milders et al. (2010) found no association between accuracy performance of sad faces and BDI ratings. However, Hale (1998) reported a positive relationship between the judgment of negative emotions in the facial expressions and depression severity.
We also found no association between depression severity and cognitive performance. It is possible that cognitive interference is associated with major depression but does not significantly vary with its symptom severity.
Patients' elevated negative perception of emotion-inducing scenes and emotional facial expressions as well as their higher intensity ratings of neutral stimuli are contrary to suggestions of the ECI hypothesis. Rottenberg (2005) found that patients with the most pronounced ECI showed the most severe depression.
Gender-specific differences of depressive symptoms, with males showing more anger compared to females (e.g., Rutz et al., 1997) were confirmed by our data. Males with MD reported higher trait anger, and they also rated happy faces more negative than female patients. Although males and females with MD did not differ in depression score, this difference in judgment of happy faces may be the consequence of a more negative mood state in males suffering from depression. Items of depression inventories like the BDI do not sufficiently consider male depression symptoms like anger. We also could replicate the findings of previous studies that pointed a female advantage in decoding affective faces (e.g., Cellerino et al., 2004) . Women in both groups displayed a better decoding of facial expressions than males. Therefore, compared to men, women with MD had an advantage by a less negative mood state and a more correct estimate of other subjects' feelings.
Results indicate that in depression treatment increased focus should put to the association between negative mood bias and social functioning. Especially in male depression this aspect may be underestimated.
As a limitation of our study it must be stated that all patients were treated with antidepressants and/or antipsychotics. Tranter et al. (2009) could show that treatment of depressed patients with antidepressants resulted in improved recognition accuracy of disgusted, happy, and surprised facial expressions, being strongest for disgust. But it remains unclear, if this effect is directly associated with antidepressant treatment or a result of mood improvement. Therefore, antidepressant treatment could have resulted in a shift of our patients' emotion decoding and experience.
In conclusion, the present findings indicate that MD is characterized by a broad impairment of emotion recognition, concerning all negative facial emotions with exception of fear. Further on, patients' responses to happy faces suggest a negativity bias in perceiving other peoples' facial expressions, which also became evident in the perception of emotional scenes. The negativity bias was stronger in male than female patients. Depression severity was negatively related to experience of happiness, and positively associated to a sadness-bias in fear-eliciting and neutral scenes. Compared to controls MD patients showed a lower cognitive performance, which was associated with identification accuracy of angry and disgusted facial expressions. However, we found no association between depression severity and decoding accuracy of facial emotions and to patients' cognitive performance. Thus, our findings on negativity bias show accordance with the mood-congruency hypothesis, suggesting facilitated processing of negative emotional cues and deficient processing of positive emotional stimuli. By contrast, our outcomes are contrary to suggestions of the ECI hypothesis, supposing decreased reactivity to all emotion cues in individuals with depression, regardless of valence. Results indicate that in depression treatment increased focus should put to the association between negative mood bias and social functioning.
